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(57) Abstract: Provided is a packaged beverage, which comprises, in the dissolved form, catechins composed of the following 
non-polymer component (A) and another non-polymer component (B): (A) non-epi -catechins, (b) epi-catechins, and has, per 500 
mL ol the packaged beverage, said components in amounts satisfying the following equations: (i) (A) -f (B) = 460 to ~>500 mg 
(ii> (A) = 160 to 2250 mg (iii) (AV(B) = 0.54 to 9.0. The packaged beverages of the present invention are excellent in stability of 
color tone and transparent appearance even after long-term storage, have smooth feeling in the throat upon drinkim;, and have good 
palalabihty; and in addition, have PPAR -dependent gene transcription activating effects which are safe and effective for prevention 
and alleviation of obesity. 
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DESCRIPTION 
PACKAGED BEVERAGES 

Technical Field 

The present invention relates to packaged beverages 
containing a high concentration of catechins . 

Background. Art 

It is reported that hcatecins act as an inhibitor 
against a rise in cholesterol level (Japanese Patent 
Application Laid-Open (kokai) No. Sho 60-156614) or as an a- 
amylase activity inhibitor (Japanese Patent Application Laid- 
Open (kokai) No. Hei 3-133928). This suggests that tea 
beverages such as green tea, black tea and Oolong tea have 
useful physiological benefits. When these beverages were put 
on the market, some measures have been taken to improve their 
taste and color tone or to make them respond to changes upon 
storage. For example, a method for preparing a beverage by 
controlling pH upon extraction and preserving the good 
condition of natural catechins during storing in order to 
give a desirable state and adjusting the taste and color tone 
(Japanese Patent Application Laid-Open (kokai) No. Hei 5- 
168407), a method for sterilizing a beverage under pressure 
at low temperatures in order to preserve its gualities such 
as taste for a long period of time (Japanese Patent 
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Application Laid-Open (kokai) No. Hei 5-49401), a method for 
adding cyclodextrins, thereby alleviating bitterness or 
astringency particular to catechins (Japanese Patent 
Application Laid-Open (kokai) No. Hei 10-4919) and a method 
for removing a retort odor from a green tea beverage (Patent 
No. 2566801) are proposed. 

The physiological action of catechins can be shown 
effectively by increasing their intake amount. From the 
viewpoint of palatability and marketability, beverage forms 
which facilitate the intake of a large amount of catechins 
are desirable. 

Two methods for increasing the amount of catechins 
contained as an effective ingredient in a beverage have been 
reported. One is a method for adding powdered tea leaves 
(Japanese Patent Application Laid-Open (kokai) No. Hei 10- 
234301) . When catechins are extracted from tea leaves in 
Q order to increase the concentration of catechins in a 

beverage, the resulting beverage becomes inappropriate as a 
product to be put on the market, because when it is packaged 
and stored for a long period of time, a marked change in 
color occurs. The coloration of the beverage gradually 
changes over time, from a desirable light green color to an 
ugly brown color. Therefore, there is no problem with such a 
packaged beverage which contains powdered tea leaves as an 
effective ingredient when it is consumed directly after 
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production, but it does however lose its product value during 
a distribution process because of a deteriorated appearance. 
For example, powdered tea leaves precipitate on the bottom of 
the container or float on the surface of the beverage. This 
tendency becomes more marked when a transparent container 
such as a PET bottle is used. Since opague containers such as 
cans cannot be recapped (re-sealed), all the beverage 
contained therein must be consumed once it is opened. Such a 
limitation on drinking habits is an inconvenience for 
customers. Using an opague PET bottle to hide precipitation 
does on the other hand, cause a serious problem for 
recycling. Formation of a precipitate or sedimentation of 
powdered tea leaves means that the ratio of the ingredients 
differs between the initial stage of drinking and the latter 
stage of drinking. However, the addition of a thickening 
agent to prevent such a phenomenon distorts the smooth 
feeling in the throat and refreshing taste of the beverage. 
This is problematic for a beverage providing physiological 
effects . 

The other method for increasing the amount of catechins 
as an effective ingredient is to add them in dissolved form. 
When the amount of catechins as an effective ingredient is 
increased by extraction of tea leaves, the packaged beverage 
tends to become turbid and a product with such an appearance 
is not accepted in the market. This turbidity leads to 
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opacity over time and then large visible particles appear in 
the container. 

A beverage having such a color change or turbidity is 
not visually attractive, which presents a serious problem to 
be solved when it is put on the market. 

The coloration is said to be caused by polyphenol oxide 
formed by oxidation of catechins. 

The turbidity is said to be a phenomenon caused bv 
mutual action between the ingredients of the beverage and the 
catechins or polyphenol oxide formed by oxidation of 
catechins. Such a phenomenon tends to occur in acidic or 
neutral beverages. Turbidity of the beverage becomes 
prominent when the catechin concentration is increased. The 
turbidity of the beverage has a negative impact on its 
appearance and this presents a serious problem to be solved 
when it is put on the market. 
O It is P re sumed that the function of PPAR is to 

extensively take part in energy metabolism in living bodies 
and the maintenance of homeostasis, for example, synthesis, 
transport and secretion of fatty acids, synthesis of ATP in 
fat-consuming organs and cell-cycle regulation. In 
particular, it has been revealed that gene expression of 0- 
oxidation related enzymes important for fatty acid metabolism 
depends greatly on the activation of PPAR. 

An object of the present invention is to provide. a 
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packaged beverage having a stable color tone and transparent 
appearance after long-term storage even with a high catechin 
content . 

Disclosure of the Invention 

The present inventor has found that under specific 
conditions, a packaged beverage containing a high 
concentration of catechins maintains a stable color tone and 
transparent appearance after long-term storage. This ^ J 

stability is obtained by incorporating non-epi-catechins and 
epi-catechins at a predetermined ratio . 

The present inventor has also found that in a packaged 
beverage which contains non-epi-catechins and epi-catechins 
at a predetermined ratio, incorporation of cyclodextrins 
makes its appearance transparent and moreover, stabilizes its 
transparency even if there is a high content of catechins. 

The present inventor searched for a PPAR-dependent gene (J) 
transcription activator which is safe and has fewer side 
effects after long-term intake. As a result, the present 
inventor found that catechins existing in natural foods and 
have been taken conventionally have such properties. 

In one aspect of the present invention, a packaged 
beverage is thus provided, which comprises, in the dissolved 
form, catechins composed of the following non-polymer 
component (A) and another non-polymer component (B) : 
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(A) non-epi-catechins, 

(B) epi-catechins, and contains, per 500 mL of the 
packaged beverage, these components in amounts satisfying the 
following equations: 

(i) (A) + (B) = 460 to 2500 mg, 

(ii) (A) = 160 to 2250 mg, and 

(iii) (A) /(B) = 0.54 to 9.0. 

In another aspect of the present invention, a packaged 
beverage is also provided, which comprises the following non- 
polymer component (A'), another non-polymer component (B' ) , 
and component (C) : 

(A' ) non-epi-catechins, 
(B' ) epi-catechins, 

(C) cyclodextrins; and contains, per 500 mL of the 
packaged beverage, these components in amounts satisfying the 
following equations: 

C (i) (A ' > + < B ') = 4 60 to 1300 mg, 

(ii) (A') = 160 to 1040 mg 

(iii) (A')/(B') = 0.54 to 4.0, and 

(iv) (C) = 750 to 5000 mg; and has a haze of 22 or less. 

Best Mode for Carrying Out the Invention 

The term "catechins" as used herein means a generic name 
of non-epi-catechins such as catechin, gallocatechin, 
catechin galate and gallocatechin gallate (which may 
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hereinafter be called "Component (A)" or "Component (A')) and 
epi-catechins such as epicatechin, epigallocatechin, 
epicatechin gallate and epigallocatechin gallate (which may 
hereinafter called "Component (B) " or "Component (B')"). 

The catechins to be used in the present invention can be 
obtained from a water or hot water extract of green teas such 
as natural leaf tea, refined green tea and Tencha (green tea 
not powdered) ; semi-fermented teas which are generically 
called "Oolong tea", such as Ti Kuan Yin, Se-zhong, 
Huanjingui and Wuyi Rock Tea, and fermented teas called black 
teas such as Darjeeling, Assam and Sri Lanka; each made from 
tea leaves available from varieties belonging to Camellia 
spp. such as C. sinensis and C. assaimica, and the Yabukita 
variety or hybrid thereof. 

Tea is extracted by a conventional method such as 
stirring. Before extraction, an organic acid or organic acid 
salt such as sodium ascorbate may be added to water. A 
method for extraction in a non-oxidizing atmosphere while 
removing dissolved oxygen by boiling for deaeration or 
feeding of an inert gas such as nitrogen gas may be used in 
combination . 

A beverage having a high content of catechins is 
preferably prepared by dissolving a tea extract concentrate 
in water or by mixing an ordinary tea liquid extract with the 
tea extract concentrate. Mediums in which the tea extract 
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concentrate can be dissolved include water, carbonated water 
and a tea liquid extract containing catechins of a similar 
level to the commercially available tea liquid extract. The 
term "tea extract concentrate" as used herein means the 
concentrate of an extract obtained by extracting tea leaves 
with hot water or a water soluble organic solvent in 
accordance with the process as described in detail in 
Japanese Patent Application Laid-Open (kokai) No. Sho 5 9- 
219384, Hei 4-20589, Hei 5-260907 or Hei 5-306279. Examples 
include commercially available extracts such as "Polyphenon" 
of Mitsui Norin Co., Ltd., "Thea-furan" of Itoen, Ltd., 
"Sunphenon" of Ta±yo Kagaku Co., Ltd. and "Sun-oolong" of 
Suntory Limited. In addition, catechins available from 
other raw materials, column-purified products and chemically 
synthesized products can be used. The "tea extract 
concentrate" in the present invention may exist in various 
forms such as a solid, an aqueous solution and a slurry. 

These catechins are not polymers in a tea liquid 
extract, and some of them are dissolved in the tea liquid 
extract, while the others are adsorbed or encapsulated by 
tea fine powder in their solid form. The catechins to be 
used in the present invention are solutions of the 
concentrate of an extract obtained by filtering a tea extract 
and then drying the filtrate. 

Since the content of polyphenols increases as the 
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fermentation condition of tea leaves advances, using a 
concentrate of a green tea extract is particularly preferred 
as the concentrates of various tea extracts to be added to 
water or a tea liquid extract. The tea liquid extract is 
preferably an extract of unfermented tea or semi -fermented 
tea . 

In tea leaves, most catechins exist as epi-catechins , 
but they change into their steric isomers, non-epi-catechins , 
by heat treatment or treatment with an alkali. It can be 
seen that in comparison to epi-catechins, the melting point 
of non-epi-catechins having the same molecular formula is 
significantly lower. A further lowering in melting point 
happens to occur, depending on the mixing ratio of epi- 
catechins and non-epi-catechins. A functional difference 
between them has hardly been studied yet. 

Non-epi-catechins are obtained by dissolving an extract 
of green tea, semi-fermented tea or fermented tea or the 
concentrate of such a tea extract in water and then heating 
the resulting solution at 40°C to 140 °C for between 0.1 min 
and 120 hours. The solution preferably has a pH of 4 . 5 or 
greater, because it facilitates formation of non-epi- 
catechins. The tea extract concentrate having high non-epi- 
catechins content may be used. They may be used either 
individually or in a combination. 

The packaged beverage of the present invention contains, 

_0239822A2J_> 



WO 02/39822 ' .- PCT/JP01/10043 

10 

as Component (A), non-epi-catechins which are non-polymers 
and are dissolved in water and, as Component (B) , epi- 
catechins which are also non-polymers and dissolved in water 
in the total amount of 4 60 to 2500 mg, preferably 500 to 1300 
mg, more preferably 600 to 1300 mg, most preferably 640 to 
800 mg per 500 mL of the packaged beverage. Amounts within 
this range are preferred, because they facilitate the intake 
of a large amount of catechins but do not give the beverage a 
© marked bitterness or astringency. At an amount of 460 mg or 

greater, the beverage has a favorable taste as if bringing 
about the effects of catechins. 

Per 500 mL of the packaged beverage, Component (A) is 
incorporated in an amount of 160 to 2250 mg, with 160 to 1880 
mg being particularly preferred. Amounts within this range 
are preferred, because the color tone remains stable even 
after long-term storage, the transparent appearance is 
O maintained and the flavor is not impaired. 

In the packaged beverage, the catechin content in the 
total polyphenols is 10 wt . % or greater directly after 
preparation, with 20 wt . % or greater being preferred. 

The weight ratio of Component (A) to Component (B) is 
preferably 0.54 to 9.0, more preferably 0.67 to 5.67, most 
preferably 0.80 to 5.67. Within this range, the color tone 
remains stable even after long-term storage, the transparent 
appearance can be maintained, and the flavor is not impaired. 
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When catechins selected from epigallocatechin gallate, 
gallocatechin gallate, epigallocatechin and gallocatechin 
amount to 30 to 98 wt.%, preferably 40 to 90 wt . % of the 
catechin content, the resulting beverage has excellent taste 
which is free from lasting astringency and is therefore 
preferred. Here, at least one of epigallocatechin gallate, 
gallocatechin gallate, epigallocatechin and gallocatechin is 
incorporated in the beverage, but usually all of them are 
incorporated . 

The content of catechins derived from the tea extract 
concentrate is preferably 5 to 100 wt.%, more preferably 10 
to 100 wt.%, most preferably 20 to 100 wt.%, of the total 
catechin content. The catechin content cannot be controlled 
readily by a tea liquid extract alone, because the content 
differs, depending on the extracting conditions of the tea 
liquid extract or lot-to-lot variations by the variety or 
growing district of the tea leaves used. Extraction of tea 
leaves to satisfy the catechin content as specified herein is 
conducted under strict conditions, which tends to cause 
intense bitterness and astringency. Use of a tea liquid 
extract and the tea extract concentrate in combination is 
preferred, because it not only enables easy adjustment of the 
amount of catechins but also causes neither strong bitterness 
nor astringency, maintains a stable color tone even after 
long-term storage, enables maintenance of a transparent 
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appearance and does not impair flavor. 

The haze, as an index for turbidity, of the packaged 
beverage of no greater than 22, more preferably no greater 
than 14, most preferably no greater than 12 is preferred for 
visual effects, smooth feeling in the throat, stability 
retention of catechins and decrease in color difference. The 
haze as used herein means a value measured using a glass cell 
having an optical path length of 10 mm, and is a percentage 
© of the transmitted light that is scattered ranging from 0 to 

100. The lower the value, the higher the transparency. 

The packaged beverage according to the second aspect of 
the present invention contains, as Component (A'), non-epi- 
catechins which are non-polymers and in the form of an 
aqueous solution and, as Component (B' ) , epi-catechins which 
are also non-polymers and in the form of an aqueous solution 
in the total amount of 460 to 1300 mg, preferably 500 to 1200 
C mg ' more Preferably 560 to 1100 mg, most preferably 640 to 

1000 mg per 500 mL of the packaged beverage. Amounts within 
this range are preferred, because they facilitate intake of a 
large amount of catechins but do not impair excellent 
transparent appearance and this transparency can be easily 
maintained . 

Component (A') is incorporated in an amount of 160 to 
1040 mg, preferably 185 to 975 mg, most preferably 205 to 
975 mg per 500 mL of the packaged beverage. At an amount 
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within this range, the resulting beverage has excellent 
transparent appearance and this transparency can be readily 
maintained. 

The weight ratio of Component (A' ) /Component (B' ) is 
preferably 0.54 to 4.0, more preferably 0.67 to 4.0, most 
preferably 0.82 to 4.0. Within this range, the appearance 
does not become turbid and transparency can be readily 
maintained. 

Use of a tea liquid extract from unfermented tea such as ^ 
green tea or semi-fermented tea such as oolong tea is 
particularly preferred, for excellent transparency of the 
resulting beverage is not impaired even by an increase in its 
catechin concentration. The catechin content in the total 
polyphenols in the packaged beverage directly after 
preparation is 30 wt . % or greater, preferably 40 wt . % or 
greater, most preferably 50 wt . % or greater. 

A ratio of the catechins derived from the tea extract f 
concentrate is preferably 20 wt . % or greater, more preferably 
30 wt.% or greater, most preferably 40 wt . % or greater, of 
the total catechin content. The catechin content cannot be 
regulated readily only by using the tea liquid extract alone 
because the content differs depending on the extracting 
conditions of the tea liquid extract or lot-to-lot variations 
by the variety or growing district of the tea leaves used. 
The extraction of tea leaves enough to satisfy the catechin 
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content as specified herein needs strict extracting 
conditions, tending to cause intense bitterness and 
astringency. In addition, it causes a drop in the dilution 
ratio, which inevitably leads to a reduction in production 
efficiency. 

Use of the tea liquid extract and the tea extract 
concentrate in combination, on the other hand, not only 
enables easy regulation of the catechin content but also 
causes neither strong bitterness nor strong astringency, 
enables maintenance of transparent appearance and does not 
impair taste. Combined use is therefore preferred. 

When catechins selected from epigallocatechin gallate, 
gallocatechin gallate, epigallocatechin and gallocatechin 
amount to 30 to 98 wt.%, preferably 40 to 90 wt.% of the 
catechin content, the resulting beverage has excellent taste 
which is free from lasting astringency and is therefore 
G preferred. Here, the beverage contains at least one from 

among epigallocatechin gallate, gallocatechin gallate, 
epigallocatechin and gallocatechin, but usually contains them 
all. 

a-, p- and y-cyclodextrins , branched a-, p- and y- 
cyclodextrins, and a-, p- and y-cyclodextrin derivatives can 
be used as cyclodextrins of Component (C) of the packaged 
beverage according to the second aspect of the present 
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invention. Among them, p-cyclodextrin and branched p- 
cyclodextrin are preferred, because their use facilitates 
maintenance of a transparent appearance. In the present 
invention, these p-cyclodextrins may be used in combination 
with a-cyclodextrin or y-cyclodextrin . 

The content of the cyclodextrins in the packaged 
beverage of the second aspect of the present invention is 750 
to 5000 mg, preferably 750 to 4000 mg, more preferably 1000 
to 4 000 mg, per 500 mL of the packaged beverage. The amount 
within this range facilitates maintenance of a transparent 
appearance . 

A ratio of the total content of Components (A' ) and (B' ) 
to the content of the cyclodextrins, that is, (A') + (B' ) / (C) 
is preferably 0.1 to 1.73, more preferably 0.1 to 1.4, most 
preferably 0.2 to 1.4. Ratios within this range facilitate 
exhibition of the physiological effects of catechins and 
maintenance of a transparent appearance. 

The haze, as an index for turbidity, of the packaged 
beverage of no greater than 22, more preferably 14 to 0.1, 
most preferably 12 to 0.3 is preferred for visual effects, 
smooth feeling in the throat and stability retention of 
catechins. If the haze of the beverage is no greater than 22, 
heightens visual effects and moreover, does not disturb 
smooth drinking. The beverage develops an excellent smooth 
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feeling in the throat upon drinking. 

The packaged beverage is preferably adjusted to have pH 
3 to 7, more preferably 4 to 7, most preferably 5 to 7 at 
25°C from the viewpoints of its taste and chemical stability 
of the catechins. 

A variety of tea-containing packaged beverages can be 
provided by mixing these catechins with a beverage component 
other than tea, such as juice. For example, these catechins 
can be added as needed to soft drinks such as carbonated 
beverages, juice-extract-containing beverages, vegetable- 
extract-containing juices, near-water drinks, sports 
beverages and diet drinks. It is also possible to purposely 
add an insoluble compound such as fine powders of tea leaves 
to a packaged beverage exhibiting a stable color tone and a 
transparent appearance after long-term storage, thereby 
providing the beverage in the suspended form. 

To the packaged beverage of the present invention, 
additives acceptable as an ingredient of the beverage may be 
added in consideration of its tea-derived ingredients. 
Examples of such an additive include antioxidants, perfumes, 
various esters, organic acids, organic acid salts, inorganic 
acids, inorganic acid salts, inorganic salts, colorants, 
emulsions, preservatives, seasonings, sweeteners, acidifiers, 
juice extracts, vegetable extracts, nectar extracts, pH 
regulators and quality stabilizers. They may be used either 
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individually or in a combination. 

For example, sweeteners include sugar, glucose, 
fructose, isomerized liquid sugar, glycyrrhizin, stevia, 
aspartame, f ructo-oligosaccharide and galacto- 
oligosaccharide. Artificial sweeteners may also be added. 
The sweetener is preferably added in an amount of 10 to 100 
mg per 500 mL of the beverage. 

Examples of acidifiers include, as well as juices 
extracted from natural components, citric acid, tartaric 
acid, malic acid, lactic acid, fumaric acid and phosphoric 
acid. The acidifier is preferably added in an amount of 10 
to 100 mg per 500 mL of the beverage. 

Examples of inorganic acids and inorganic acid salts 
include phosphoric acid, disodium phosphate, sodium 
metaphosphate and sodium polyphosphate, while organic acids 
and organic acid salts include citric acid, succinic acid, 
itaconic acid, malic acid and sodium citrate. The salt for 
adjusting the taste of the beverage is preferably added in a 
amount of 100 to 2000 mg, more preferably 100 to 1000 mg, 
most preferably 200 to 1000 mg per 500 mL of the beverage. 

Ordinary Containers such as molded containers (so-calle 
PET bottles) composed mainly of polyethylene terephthalate, 
metal cans, paper containers lined with a metal foil or 
plastic film and bottles can be used as a container for the 
packaged beverage. Here, the packaged beverage means a 
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beverage which can be consumed without dilution. 

The packaged beverage of the present invention is 
prepared, for example, by completely filling a container such 
as metal can with the beverage or carrying out either 
deaeration and/or nitrogen purging; and then if possible, 
sterilizing it under conditions as specified by Food 
Sanitation Law. If the container is not suitable for retort 
sterilization, for example, a PET bottle or paper container, 
then a method for sterilizing the beverage under similar 
conditions to those described above, for example, heating it 
at a high temperature for a short time by a plate type heat 
exchanger, cooling it to a predetermined temperature and 
then, transfering it to the container is used. Under sterile 
conditions, another ingredient may be added to the container 
which already has the beverage therein. Furthermore, 
sterilization is possible by heating under acidic conditions, 
followed by converting the pH to neutral again under sterile 
conditions; or sterilization by heating under neutral 
conditions, followed by converting the pH to acidic again 
under sterile conditions. 

Stability in color tone and maintenance of a transparent 
appearance upon long-term storage of the packaged beverage of 
the present invention is improved by incorporating a high 
concentration of catechins and at the same time, by 
increasing the content of non-epi-catechins . 
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The packaged beverage according to the second aspect of 
the present invention has an improved transparent appearance 
due to the incorporation of a high concentration of catechins 
an increase in the content of non-epi-catechins, and the 
addition of further cyclodextrins . 

Examples 

Measurement of the amount of catechins 

By using high-performance liquid chromatograph ("Model 
SCL-10AVP) manufactured by Shimadzu Corporation and equipped 
with a packed column for an octadecyl-introducing liquid 
chromatography "L-Column TM ODS (4.6 mm0 x 250 mm: 
manufactured by Chemicals Evaluation and Research Institute, 
a beverage filtered through a filter (0.8 \im) was subjected 
to a gradient method at the column temperature of 35 °C. As 
mobile phase liquid A and liquid B, a distilled water 
solution containing 0.1 mol/L of acetic acid and an 
acetonitrile solution containing 0.1 mol/L of acetic acid 
were used respectively. Measurement was conducted under the 
conditions of a sample injection amount of 20 yL and an UV- 
detector wavelength of 280 nm. 
Measurement of Turbidity 

Haze (H) was measured at 25°C by using a Haze & 
transmittance meter ("Model HR-100" ) manufactured by Murakami 
Color Research Laboratory Co., Ltd. and charging the beverage 
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in a glass cell (35 mm wide and 40 mm long, optical path 
length: 10 mm) . 

Evaluation Haze (H) 

1 H < 14 

2 14 < H < 22 

3 22 < H 
Measurement of Color Tone 

A colorimeter ("Model CT-310") of Minolta Co., Ltd. and 
a glass cell having an optical path length of 20 mm were 
used. After ion exchange water was poured and calibration 
was performed with an illuminant C, L* , a* and b*, values of 
the beverage were measured at 25 °C. The sample used was 
prepared by allowing the beverage to stand for 40 hours in a 
convection type drier at 50 °C. The color difference (AE) by 
the L*,a*,b* color system is calculated in accordance with 
Equation 3 in chapter IV of "Handbook of Color Technology, 
pll9, written by Yukio Murata, published by Sogo Gijutsu 
Center Co., Ltd". The color difference of the sample was 
determined as A, with the color of the sample before 
placement in the convection type drier as a standard. 
Evaluation AE 

1 AE < 10 

2 10 < AE <20 

3 20 < AE <30 
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4 30 < AE 

Transparency upon storage (visual judgment of appearance) 

After an acceleration test of the packaged beverage was 
made by allowing it to stand in a convection type drier at 
50°C for 40 hours, a change in transparency was visually 
assessed against the state of the packaged beverage before 
storage as a standard. 

Evaluation 

n 

1 A change was hardly recognized. 

2 A slight change was recognized. 

3 An obvious change was recognized. 

Stability 

Stability was judged in consideration of a change in 
color difference and a visual change in transparency. 
Evaluation 

1 Having a score no greater than 1 in a change in 

color difference and a score of 1 in visual C ; 

j udgement . 

2 Having a score of 2 in a change in color 
difference and a score of 2 in visual judgment. 

3 Having a score of 3 in a change in color 
difference and a score of 3 in visual judgment. 

Example 1 

Ingredients as shown in Table 1 were mixed, followed by 
a predetermined treatment. The resulting treated mixture was 
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transferred into a container as described in Table 1, whereby 
a packaged beverage was prepared. 

Table 1 





Invention product 


Con 


iparative product 






1 


2 


3 


4 


1 


2 


. 3 


Tea 
extract 


Oolong tea liquid extract * 1 








947 








Tea extract condensate * 
a 
b 
c 
d 


4.4 


4.2 


4.8 


17.6 


4.4 


4.2 


4.8 


bodium ascorbate 
Distilled water 


0.3 
Balance 


0.3 


0.39 


2.2 


0.3 


0.3 


0.39 


Total weight 
pH*3 


1000 
6.0 


Balance 
1000 


Balance 
1300 


Balance 
4400 


Balance 
1000 


Balance 
1000 


Balance 
1300 


Post treatment (heating) 
Temperature (°C) 

Time 

(minute) 


121 
5 


6.0 


3.8 

65 
10 


6.5 

139 
*4 


6.0 


6.0 


3.8 

65 
10 


Container 


PET 
bottle 


Glass 
bottle 


Metal 
can 


Paper 
pack 


PET 
bottle 


Glass 
bottle I 


Metal 
can 



•1: obtained by adding 33 g of oolong tea leaves to 1 kg of ion exchange water heated and maintained at 85°C to extract 
for 8 minutes and then filtering off the leaves through a flannel filter while cooling by a heat exchanger. 
*2: concentrate of tea extract 

a: catechin content: 33 (wL%), of which non-epi-catechins content: 4 (wt%) (product of Mitsui Norm Co., Ltd.) 
b: catechin content: 33 (wt.%), of which non-epi-catechins content: 14 (wt.%) 

c: catechin content: 30 (wt.%), of which non-epi-catechins content: 3 (wt.%) (product of Mitsui Norin Co., Ltd.) 
d; catechin content: 30 (wt.%), of which non-epi-catechins content: 14 wt% 

*3: pH of each of Invention products 1 and 2 and Comparative products 1 and 2 was adjusted with citric acid/disodium 
phosphate; that of each of Invention product 3 and Comparative product 3 was adjusted with citric acid; and that of 
Invention product 4 was adjusted with sodium bicarbonate. 

*4: 10 seconds (the beverage passed through a deaeration line prior to the sterilization step). 

Analysis results of catechins contained in 500 mL of the 
packaged beverage for each of Invention products 1 to 4 and 
Comparative products 1 to 3 and measurement results of the 
properties of the beverage are shown in Table 2. 
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Table 2 



i (ma/5f)0 




Invention product 


Com 


parative example 


1 


2 


3 


4 


1 


O 
£. 


Q 
O 


Catechin 


42 


36 


31 


51 


13 


14 


7 
/ 


Epicatechin 


33 


35 


26 


55 


50 


59 


*+o 


GalJocatechin 


164 


134 


155 


182 


1 


53 


39 


Epigallocatechin 


107 


72 


73 


150 


210 


154 


174 


Catechin gallate 


41 


28 


31 


35 


12 


12 


5 


Epicatechin gallate 


47 


50 


34 


74 


! 80 


73 


62 


Gallocatechin gallate 


197 


103 


165 


163 


43 


34 


14 


Epigallocatechin gallate 


194 


118 


155 


217 


352 


206 


318 


Amount of non-epi-catechins (A) 


444 


301 


382 


431 


69 


113 


65 


Amount of epi-catechins (B) 


381 


275 


288 


496 


692 


492 


597 


A/B 


1.17 


1.09 


1.32 


0.87 


0.10 


0.23 


0.11 


Amount of catechins 


825 


576 


670 


927 


761 


605 


662 


Turbidity of beveraqe 


1 


1 


1 


1 


2 


1 


3 


Color difference (AE) 


1 


1 | 


1 


1 


2 


3 


2 


Appearance visually judged 


1 


1 


1 


1 


2 


1 


3 


Stability 


1 


1 


1 


1 


2 


3 


3 



In Invention products 1 to 4, no change in transparency 
was observed even over a period of time and color tone was 
stable, indicating that they were superior to Comparative 
Products 1 to 3. 
Example 2 

A tea liquid extract was prepared by extracting 100 g of 
each of tea leaves as described in Table 3 with 1000 g of 
distilled water of 80 °C in a clean bench, followed by 
filtration. The resulting tea liquid extract was mixed with 
the ingredients described below ingredients to prepare the 
beverage having the below-described composition. After 
deaeration, the mixture was heated at 139°C for 10 seconds 
and transferred into a 500 mL PET bottle, whereby a packaged 
beverage was prepared. 

After the packaged beverage at 25°C was shaken well by 
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hand, it was opened. Its feeling in the throat upon drinking 
was evaluated by a panel of 5 experts. Results are shown in 
Table 3. 

Table 3 



Composition 


Invention 
product 5 


Invention 
product 6 


xed. iiquia extract 


Black tea 
935 


On! nnrr f 

vuxuiiu Led 

950 


Concentrate of tea extract 


23.3 
(c of Ex.1) 


9.0 
(d of Ex.1) 


Sodium ascorbate 


2.5 


1.8 


Ion exchange water 


Balance 


Balance 


Total weight 


5000 


4500 


Amount of non-epi-catechins (A) 

mg/500 mL 


518 


588 | 


Amount of epi-catechins (B) 

mg/500 mL 


322 


228 


A/B 


1. 61 


2. 58 


Amount of catechins 

mg/500 mL 


840 


816 


PH 


6 


6 



(adjusted with sodium bicarbonate) 



Invention products 5 and 6 were found to be almost free 
from a change in stability of both color tone and 
transparency after storage. They provided smooth feeling in 
the throat upon drinking and high palatability 
Example 3 

The packaged beverages as shown in Table 4 were 
prepared. 
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Table 4 





Invention product 7 


Invention product 8 


Invention product 9 


Packanpd hpvpranp 


OUI ildll HI ly JUlUc 


uarDonaieo 


Containing vegetable 
juice 


Concentrate of green 
tea extract 


0.33 
(dofEx. 1) 


0.5 
(dofEx. 1) 


1.2 
(dofEx. 1) 


juice 


Grape fruit juice 
2.0 


- 


Cabbage juice 
1.0 


OWCCICI Id 


Erythritol 
2.5 

Stevia 
0.015 


Sugar 
5.0 


Erythritol 
3.0 


Other ingredients 


Lemon flavor 
0.15 


Vitamin B 
0.02 

Ascorbic acid 
0.01 


Ascorbic acid 
0.15 


Ion exchange water 


Balance 


Balance 


Balance 


Total weight 


100 


100 


100 


PH 


4 


4 


4 


Sterilizing conditions 


at 65°Cfor10min 


at 65°Cfor10min 


at 65°Cfor10min 


Amount of non-epi- 
catechins (A) j 

mg/500 mL 


247 


OQO 


noi 


Amount of epi- 
catechins (B) 
mg/500 mL 


268 


364 


469 


A/B 


0.92 


1.01 


2.45 


Amount of catechins 
mg/500 mL 


515 


732 


1620 



g 



O 



pH was adjusted with citric acid in Examples 5 and 6, while with malic acid in Example 7. 



Invention products 7 to 9 were found to be almost free 
from a change in stability of both color tone and 
transparency after storage. They provided a smooth feeling 
in the throat upon drinking and high palatability . 
Example 4 

The ingredients as shown in Table 5 were mixed, followed 
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by predetermined treatment. Then, the mixtures were 
transferred into the containers as shown in Table 5, 
respectively, whereby packaged beverages were prepared. 



Table 5 



o 



G 





Invention products 


Comparative products 




10 


11 


12 


4 


5 


6 


Oolong tea liquid extract -1 

(g) 


230 


230 


230 


230 




230 


Tea extract condensate* 2 
a to) 






6.5 


3.8 


9.8 




b(g) 


3.8 


3.8 










C(Q) 












3.8 


P-Cyclodextrin (g) 


5.2 


2.5 


3.5 


5.2 






Sodium ascorbate (g) 


0.39 


0.39 


0.39 


0.39 


0.3 


0.39 


Distilled water (mL) 


Balance 


Balance 


Balance 


Balance 


Balance 


Balance 


Total volume (mL) 


1300 


1300 


1300 


1300 


1000 


1300 


pH*3 


3.8 


3.8 


6.2 


3.8 


6 


3.8 


Post treatment (heating) 














Temperature (°C) 


65 


65 


118 


65 


139 


65 


Time (minute) 


10 


10 


20 


10 


0.2 


10 


Container 


Metal can 


Glass 
bottle 


Metal can 


Metal can 


PET bottle 


Glass 
bottle 



*1, *2 and *3 are similar to those as described in Table 1. 

Generation degrees of insoluble matters in the packaged 

beverage before and after storage at room temperature for -1 
month were visually assessed using the following criteria: 

Evaluation 

1 No change 

2 Slight change 

3 Substantial change 

Moreover, transparency (in terms of haze) directly after 
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preparation of a packaged beverage was measured and its 
transparency and stability were evaluated thoroughly. 
Evaluation 

1 Having a haze less than 22 and a score of 1 
in stability evaluation 

2 Having a haze of 22 or greater but no 
greater than 45, or having a score of 2 in 
stability evaluation 

3 Having a haze exceeding 45, or having a 
score of 3 in stability evaluation. 

Analysis results of catechins contained in 500 mL of the 
packaged beverage of each of Invention products 10 to 12 and 
Comparative products 4 to 6 and measurement results of the 
properties of the beverage are shown in Table 6. 
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Table 6 



oiiiuuiii pci ouu mil oi usverage 


Invention product 


Comparative example 


1U 


11 


12 


4 


5 


6 


Catechin 


31 


33 


42 


3 


81 


15 


Epicatechin 


26 


24 


31 


64 


87 


43 


Gallocatechin 


155 


154 


197 


14 


289 


103 


Epigallocatechin 


73 


72 


92 


220 


238 


124 


Catechingallate 


31 


30 


38 


5 


55 


12 


Epicatechin gallate 


34 


34 


44 


63 


117 


53 


Gallocatechin gallate 


165 


164 


210 


19 


262 


110 


Epigallocatechin gallate 


155 




1Q7 
lot 




345 


208 


Amount of non-epi-catechins (A') 


382 


381 


487 


41 


687 


240 


(A )/(Total amount of catechins- 


1.33 


1.34 










(A'» 


1.34 


0.06 


0.88 


0.56 


Total amount of catechins 


670 


665 


851 


686 


1470 


668 


A catechin ratio derived from tea 


85 


83 


89 








extract condensate (%) 


87 


100 


85 


Turbidity of beveraqe (haze) 


12 


11 


9 


40 


24 


20 


Stability of beverage 


1 


1 


1 


2 


2 


2 


[ Total evaluation 


1 


1 I 


TT 


3 


2 





Invention products 10 to 12 were each found to be 
superior to Comparative Products 4 to 6 in transparency of 
the beverage and in palatability 
Example 5 

A tea liquid extract was prepared by extracting 100 g of 
each of tea leaves as described in Table 7 with 1000 g of 
distilled water of 80 °C in a clean bench, followed by 
filtration. The resulting tea liquid extract was mixed with 
the ingredients described below. After deaeration, the 
mixture was heated at 139 °C for 10 seconds and transferred 
into a 500 mL PET bottle, whereby a packaged beverage was 
prepared. 

After the packaged beverage at 25 °C was shaken well by 
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hand, it was opened. Its feeling in the throat upon drinking 
was evaluated by a panel of 5 experts. 



Table 7 



Composition 


Invention 

\J X. \J U LI ^ L- -1 ' 


Invention 
nroduct 14 


Tea liquid extract 


(g) 


Green tea 
935 


Oolong tea 
950 


Concentrate of tea extract (g) 


7 WS 




p-Cyclodextrin 


(g) 


10. 4 


22 . 5 


Sodium ascorbate 


(g) 


2.5 


1.8 


Ion exchange water 


(g) 


Balance 


Balance 


Total weight 


(g) 


5000 


4500 


Haze 


12 


8 


Amount of non-epi-catechins 

mg/500 mL 


354 


513 


Amount of catechins 

mg/500 


mL 


770 


1023 


A catechin ratio derived 


from 


74 


89 


tea extract condensate 


(%) 




PH 


6 


6 



o 



*5: having a catechin content of 30 (wt.%), of which non-epi- 
catechins content is 3 (wt.%) (product of Mitsui Norin Co., 
Ltd. ) 

*6: having a catechin content of 30 (wt.%), of which non-epi- C. 
catechins content is 15 (wt.%) 



Invention products 13 to 14 as shown in Table 7 were 
each found to be a beverage excellent in transparency (in 
terms of haze) and having favorable palatability with smooth 
feeling in the throat upon drinking. 

Example 6: Test on PPAR-dependent gene transcription 
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activation 

The small intestine epithelial cell line IEC-6 and human 
hepatic cell line HepG2 were inoculated on a 12 well plate 
and cultured in DMEM (5% FCS) for 24 hours. A DNA chain 
containing PPAR responsive element (underlined portion) 
(AACG TGACCTTTGTCCT GGTCAACG TGACCTTTGTCCT GGTC 

AACGTGACCTTTGTCCTGGTC) , a SV40 promoter gene, ■ a PPAR reporter 
plasmid (PPAR-Luc) containing firefly lucif erase gene, and a 
control plasmid having thymidine kinase promoter gene linked 
on the upstream of renilla luciferase gene were introduced 
simultaneously by using a transfection reagent ("Superfect 
transfection reagent", product of Promega Corporation) each 
in an amount of 0.5 ug/well. The culture broth was then 
replaced with a DMEM (-FCS) medium containing a test 
substance, followed by incubation for further 24 hours. 
After washing with PBS, the cells were lysed using dual 
luciferase assay system (product of Promega Corporation) . To 
the resulting lysate, a substrate solution containing 
luciferin was added and firefly and renilla luciferase 
activities were measured by a luminometer. In this test 
system, a PPAR-dependent gene transcriptional activator was 
searched for by measuring the transcriptional activity 
(luciferase activity of PPAR-dependent gene. It is to be 
noted that the PPAR-dependent gene transcriptional activity 
(luciferase activity) was defined as described below. 
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PPAR-dependent gene transcriptional activity (luciferase 
activity) = (firefly luciferase activity by PPAR- 
Luc) / (renilla luciferase activity by TK-Luc) 

In Table 8, PPAR-dependent gene transcription activating 
capacity of each test substance in IEC-6 and HepG2 cell lines 
is shown. In this table, PPAR-dependent transcriptional 
activity by the control is set at 100 and activity relative 
to it is indicated. As a positive control, fenofibrate was 
employed. 

Table 8 



Test substance 


Test 
concent- 
ration 


IEC-6 


HepG2 


Control 




100 


100 


Epigallocatechin gallate 


10 juM 


184 


172 


Epicatechin gallate 


10 ii M 


178 


166 


Green tea extract " A 


0.01 wt.% 


166 


163 


Catechin 


10 /zM 


152 


149 


Epicatechin 


10 MM 


158 


150 



*1: "Thea-furan 90S" (product of Itoen Co. , Ltd,) 

As is apparent from Table 8, catechins are effective for 
PPAR-dependent gene transcription activation. 



Industrial Applicability 

The packaged beverages of the present invention are 
excellent in stability of color tone and transparent 
appearance even after long-term storage, have a smooth 
feeling in the throat upon drinking, and have good 
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palatability; and in addition, have PPAR-dependent gene 
transcription activating effects which are safe and effective 
for prevention and alleviation of obesity. 
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CLAIMS 

1. A packaged beverage, which comprises, in the 
dissolved form, catechins composed of the following non- 
polymer component (A) and another non-polymer component (B) : 

(A) non-epi-catechins , 

(B) epi-catechins, and has, per 500 mL of the packaged 
beverage, said components in amounts satisfying the following 
equations: 

( ) 

(i) (A) + (B) ■= 460 to 2500 mg 

(ii) (A) = 160 to 2250 mg 

(iii) (A)/(B) = 0.54 to 9.0. 

2. A packaged beverage according to claim 1, wherein 30 
to 98 wt.% of the catechins contained in the beverage are 
epigallocatechin gallate, gallocatechin gallate, 
epigallocatechin and gallocatechin. 

3. A packaged beverage according to claim 1 or 2, 
obtained by adding a tea extract concentrate to a tea liquid ( , 
extract . 

4. A packaged beverage comprising the following non- 
polymer component (A' ) , another non-polymer component (B' ) 
and a component (C) : 

(A' ) non-epi-catechins, 
(B' ) epi-catechins, 

(C) cyclodextrins; and having, per 500 mL of the 
packaged beverage, said components in amounts satisfying the 
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following equations: 

(i) (A') + (B') = 460 to 1300 mg, 

(ii) (A') = 160 to 1040 mg 

(iii) (A')/(B') - 0.54 to 4.0, and 

(iv) (C) = 750 to 5000 mg; and having a haze value of 22 
or less. 

5. A packaged beverage according to claim 4, wherein 
Components (A') and (B' ) are obtained by adding a tea extract 
concentrate to water or a tea liquid extract. 

6. A packaged beverage according to claim 4 or 5, 
wherein out of the total amount of Components (A') and (B' ) , 
at least 20 wt . % is derived from the tea extract concentrate. 

7. A packaged beverage according to claim 5 or 6, 
wherein the tea liquid extract is obtained by extraction of 
unfermented tea or semi-fermented tea. 

8. A packaged beverage according to any one of claims 1 
to 7, having a pH of 3 to 7 . 
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